We examined whether an additive treatment with an angiotensin receptor blocker, olmesartan, reduces the mortality and morbidity in hypertensive patients with chronic heart failure (CHF) treated with angiotensin-converting enzyme (ACE) inhibitors, b-blockers, or both. In this prospective, randomized, open-label, blinded endpoint study, a total of 1147 hypertensive patients with symptomatic CHF (mean age 66 years, 75% male) were randomized to the addition of olmesartan (n ¼ 578) to baseline therapy vs. control (n ¼ 569). The primary endpoint was a composite of all-cause death, non-fatal acute myocardial infarction, non-fatal stroke, and hospitalization for worsening heart failure. During a median follow-up of 4.4 years, the primary endpoint occurred in 192 patients (33.2%) in the olmesartan group and in 166 patients (29.2%) in the control group [hazard ratio (HR) 1.18; 95% confidence interval (CI), 0.96-1.46, P ¼ 0.112], while renal dysfunction developed more frequently in the olmesartan group (16.8 vs. 10.7%, HR 1.64; 95% CI 1.19-2.26, P ¼ 0.003). Subgroup analysis revealed that addition of olmesartan to combination of ACE inhibitors and b-blockers was associated with increased incidence of the primary endpoint (38.1 vs. 28.2%, HR 1.47; 95% CI 1.11 -1.95, P ¼ 0.006), all-cause death (19.4 vs. 13.5%, HR 1.50; 95% CI 1.01-2.23, P ¼ 0.046), and renal dysfunction (21.1 vs. 12.5%, HR
Introduction
In patients with heart failure (HF) with reduced ejection fraction (EF) (HFrEF), inhibition of renin-angiotensin system (RAS) by angiotensin-converting enzyme (ACE) inhibitors is generally recommended to improve mortality and morbidity in the clinical guidelines.
1,2 Angiotensin receptor blockers (ARBs) are considered as reasonable alternatives of ACE inhibitors since they improve outcomes in patients with HFrEF and intolerance of ACE inhibitors. 3 However, it is still controversial whether the additive use of ARBs to evidence-based medications is beneficial in patients with HFrEF, particularly in the subset of those who have a history of hypertension. 4 -6 Furthermore, unlike in HFrEF patients, beneficial impacts of RAS inhibitors (ACE inhibitors or ARBs) or b-blockers have not been shown in the randomized clinical trials in patients with HF with preserved EF (HFpEF), 7 -10 and thus neither RAS inhibitors nor b-blockers are recommended for the treatment of HFpEF in the clinical guidelines. 1, 2 In case of hypertensive patients with HFpEF, however, RAS inhibitors and/or b-blockers could be used as anti-hypertensive medication, 1,2 but the supplemental benefit of ARBs in combination with anti-hypertensive medications has not been examined. These lines of evidence suggest a need to elucidate whether additive use of ARB is beneficial or not in the general practice of hypertensive chronic heart failure (CHF) patients treated with ACE inhibitors and/or b-blockers. In the supplemental benefit of ARB in hypertensive patients with stable heart failure using olmesartan (SUPPORT) trial, we thus aimed to examine whether a supplemental use of olmesartan provides beneficial impacts in patients with a broad spectrum of HF, who are treated with conventional therapies, namely with ACE inhibitors and/or b-blockers.
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Methods
Study design
The SUPPORT trial was a prospective, randomized, open-label blinded endpoint study, 11 which was conducted according to the ethical principles described in Declaration of Helsinki. The study protocol was approved by the institutional ethics committees of the 17 participating institutions in the Tohoku District of Japan (Appendix). The primary objective of the study was to examine whether an additive treatment with an ARB, olmesartan, reduces the mortality and morbidity of hypertensive patients with stable CHF (NCT00417222). The inclusion criteria were designed to enroll hypertensive patients aged 20 -79 with symptomatic CHF but in stable condition and were treated with ACE inhibitors and/or b-blockers, while the exclusion criteria were designed to exclude patients with substantive confounding medical conditions or an inability to meaningfully participate in the SUPPORT trial (Table 1) .
Finally, a total of 1147 symptomatic CHF patients with a history of hypertension who met the inclusion and exclusion criteria and gave written informed consent for the trial were assigned to either the olmesartan or the control group according to a 1 : 1 ratio of olmesartan to control, through stratification by participating institute, sex and age between October 2006 and March 2010. The patients were followed up until the study ended on 31 March 2013 (Figure 1) . If contact could not be made at the end of the study, data of these patients were censored at the date when they were known to be alive last. Olmesartan was initiated at a dose of 5 -10 mg/day, and then up titrated to 40 mg/ day, if tolerable, in the olmesartan group, while no ARB use was allowed in the control group. The diagnosis of HF was made based on the criteria of the Framingham study 12 by an attending physician at each hospital. All physicians were encouraged to control blood pressure of the patients in each group according to the recommendations in the JNC7. 13 The primary endpoint was the composite of all-cause death, non-fatal acute myocardial infarction, non-fatal stroke, and worsening HF requiring hospitalization, while secondary endpoints consisted of the modes of death, hospitalization for cardiovascular reasons, surrogate markers for HF and development of cardiovascular disease, atrial fibrillation, diabetes, and renal dysfunction (see Supplementary material online, Table S1 ).
Table 1 Inclusion and exclusion criteria
Inclusion criteria † NYHA Classes II to IV CHF † History of hypertension or treated with anti-hypertensive medications † Aged 20 or older and ,80 years at the entry † Stable with angiotensin-converting enzyme inhibitors and/or b-blockers † Not treated with angiotensin II receptor blockers Exclusion criteria † Patients who have renal dysfunction (serum creatinine ≥3.0 mg/dL) or those who are under chronic haemodialysis † Drug hypersensitivity to olmesartan † Severe liver dysfunction † History of angioedema † History of malignant tumour or life-threatening illness of poor prognosis † Pregnant or possibly pregnant patients † Cardiovascular surgery within 6 months prior to the date of the entry † Acute myocardial infarction within 6 months prior to the date of the entry † Percutaneous coronary intervention with or without stent implantation within 6 months prior to the date of the entry.
Other patients deemed unsuitable as subjects of the study by physician in charge.
Interim analysis and data monitoring
Meetings of the Data Safety Monitoring Board, which is independent of the study committees, were held twice a year throughout the trial period to monitor the study safety until the end of the trial. Interim analyses were conducted at the end of and 2 years after the end of the registration period, namely March 2010 and September 2011, to evaluate the primary endpoint and the safety for the continuation of the trial.
Statistical analysis
All analyses were performed according to a predefined statistical analysis plan. Y.S., S.M., and H.S. had a full access to all the data in the study and take responsibility for the integrity of the data and the accuracy of data analysis. The primary and secondary endpoints were analysed based on the time to the first occurrence, according to the intention-to-treat principle, including all patients of lost to follow-up censored at the day of the last contact. Survival curves were estimated using the Kaplan -Meier procedure and compared with a two-sided log-rank test. Based on the results of the CHART-1 Study, 14, 15 we assumed that the annual incidence of the primary composite endpoint would be 12% in the SUPPORT trial and thus 480 patients would be required on the condition of 3-year follow-up for each arm to provide 80% power to detect 30% risk reduction by olmesartan, using a twosided significance level of 0.05 by the log-rank test. 11 Considering that 15% of cases would be lost during follow-up or unsuitable for analysis, we estimated that .565 patients in each group (control and olmesartan) would be needed to complete the trial. The P-value of the interim analysis was 0.005 while the P-value of the final analysis was 0.048. The effects of olmesartan were examined using Cox proportional hazards models. Subgroup analyses were performed according to baseline medication and other baseline characteristics and clinical parameters. Continuous variables are presented as means + standard deviations except brain natriuretic peptide (BNP). Brain natriuretic peptide levels are presented as medians and interquartile ranges. Categorical variables were presented as numerals and percentages. Group comparisons were made with the Mann-Whitney test for continuous variables, and the x 2 -test without continuity correction for categorical variables. All statistical analyses were performed using IBM SPSS Statistics 21.0 (IBM, Somers, NY, USA) and R 3.0.2 (R Foundation for Statistical Computing, Vienna. http://www.R-project.org/). A two-sided probability values of ,0.05 and P-values for interaction ,0.1 were considered to be statistically significant.
Results
Patient characteristics
Baseline characteristics were comparable between the olmesartan and the control groups ( Table 2 ). The mean age was 66 and 75% of the patients were male. Functional class of HF was in NYHA Class II in 93% and Class III in 7%, and underlying heart disease included ischaemic heart disease in 48% and dilated cardiomyopathy in 21%. Mean systolic/diastolic blood pressure was 128/74 mmHg, and mean left ventricular ejection fraction (LVEF) was 54%. At the time of randomization, ACE inhibitors and b-blockers were prescribed in 81 and 72% of the patients, respectively. Olmesartan in hypertensive CHF: a randomized trial olmesartan and the control group, respectively (P ¼ 0.081/0.311). Changes in systolic/diastolic blood pressure in both groups are shown in Figure 2 . There was no significant difference in systolic/ diastolic blood pressure at any point between the two groups.
Drug adherence and blood pressure
In the olmesartan group, olmesartan was not prescribed in 18 (3.1%), 56 (9.4%), 70 (12.1%), 65 (11.2%), 48 (10.7%), 19 (9.7%), and 1 (4.5%) patients at 0, 1, 2, 3, 4, 5, and 6 years after randomization, respectively. In the control group, the cumulative incidence of any ARB use was none (0%), 2 (0.3%), 4 (0.7%), 8 (1.4%), 8 (1.4%), 8 (1.4%), and 8 (1.4%) at 0, 1, 2, 3, 4, 5, and 6 years after randomization, respectively. In the olmesartan group, mean dose of olmesartan (mg/day) at 0, 1, 2, 3, 4, 5, and 6 years after randomization was 9.5, 13.3, 15.4, 16.1, 17.4, 17.9, and 16.5, respectively.
When the primary endpoint occurred or the SUPPORT trial ended, 58 patients (10.0%) were not taking olmesartan in the olmesartan group, whereas four patients (0.7%) were taking ARB in the Figure 3 and Table 3 ). Subgroup analysis according to the baseline medication revealed that the incidence of the primary endpoint was more frequent in the olmesartan group than that in the control group, when combined with both ACE inhibitors and Figure S1 and Table S2 ). Subgroup analysis revealed that additive use of olmesartan was associated with an increase in the primary endpoint in the subgroups of systolic blood pressure (SBP) of ,130 mmHg, estimated glomerular filtration rate (eGFR) of ,60 mL/min/1.73 m 2 , BNP level of .100 pg/mL, and high-sensitive C-reactive protein level of .1 mg/L (see Supplementary material online, Table S3 ), which was primarily due to the triple combination therapy (see Supplementary material online, Figure S2 ). There were no interactions of the impacts of olmesartan with age, gender, body mass index, diabetes, diastolic blood pressure, left ventricular hypertrophy, LVEF, or use of spironolactone (see Supplementary material online, Table S3 ).
Secondary endpoints
There were no differences in secondary or other endpoints between the olmesartan and the control groups except for development of renal dysfunction [16 Table S2 ).
Adverse events
By the end of the study, 16.6% (96/578) of the patients in the olmesartan group discontinued olmesartan due to adverse events and other reasons (see Supplementary material online, Table S4 ).
Besides hypotension (7.0%), renal dysfunction (1.2%), and worsening HF (0.7%) were the main adverse events (see Supplementary material online, Table S4 ).
Discussion
In the SUPPORT trial, we examined whether an additive treatment with an ARB, olmesartan, reduces the mortality and morbidity in Angiotensin receptor blockers for the management of hypertensive chronic heart failure patients treated with angiotensin-converting enzyme inhibitors and/or b-blockers Angiotensin receptor blockers have been shown to provide various cardioprotective effects for patients with hypertension and other cardiovascular diseases, 16 -19 and are now widely used for the management of CHF worldwide. 20 -23 However, there have been no reports to evaluate the additive impact of ARBs in CHF patients with hypertension treated with evidence-based medications. The SUPPORT trial was the first to examine the efficacy of additive use of an ARB to ACE inhibitors and/or b-blockers in hypertensive patients with CHF. The results demonstrated that additive use of olmesartan did not decrease the primary endpoint, a composite of all-cause death, non-fatal acute myocardial infarction, non-fatal stroke, and hospitalization for worsening HF, but increased renal dysfunction in hypertensive CHF patients. Importantly, the triple combination of olmesartan, ACE inhibitors, and b-blockers was associated with an increase in the primary endpoint, particularly in patients with SBP of ,130 mmHg, eGFR of ,60 mL/min/1.73 m 2 , serum BNP levels of ≥100 pg/mL, and high-sensitive CRP level of ≥1.0 mg/L. The triple combination of olmesartan, ACE inhibitors, and b-blockers was also associated with increased incidence of allcause death and renal dysfunction, whereas the dual combination of olmesartan and ACE inhibitors or b-blockers was not associated with any increase in the primary or secondary endpoints. In addition, it was noteworthy that dual combination of olmesartan and ACE inhibitors was associated with a decrease in new-onset atrial fibrillation and that of olmesartan and b-blockers was associated with decreased mortality without development of renal dysfunction. Thus, it is suggested that the triple combination is harmful but the dual combination therapy, particularly that of olmesartan and b-blockers, could be beneficial in hypertensive patients with CHF. However, dual combination therapy of olmesartan and ACE inhibitors warrants a caution as recent studies suggested that dual blockade of RAS failed to reduce mortality but was associated with an excessive risk of adverse effects, including renal dysfunction, hyperkalaemia, and hypotension, particularly in those without HF. 15 -18 Triple combination of olmesartan, angiotensin-converting enzyme inhibitors, and b-blockers for chronic heart failure Although it has been shown that combination of ACE inhibitors and ARBs without b-blockers was useful in patients with symptomatic CHF, there has been a controversy for the effectiveness of the dual RAS blockade with ACE inhibitors and ARBs in patients with HFrEF treated with b-blockers. 4 -6 In the valsartan heart failure (Val-HeFT) trial, 4 valsartan significantly reduced the combined endpoint of mortality and morbidity in patients with symptomatic CHF; however, the post hoc analysis revealed an increase in adverse effect on mortality and morbidity in the subgroup receiving valsartan, an ACE inhibitor and a b-blocker. 4 In contrast, the CHARM-added trial demonstrated that addition of an ARB candesartan to ACE inhibitors was beneficial in patients with symptomatic CHF regardless of b-blocker use. 5 Our findings in the SUPPORT trial are consistent with the results of the Val-HeFT study as the triple combination therapy appeared harmful in hypertensive patients with CHF. Although the precise mechanism of the discrepancy for the effectiveness of the triple combination therapy between the Val-HeFT and the CHARM-added studies is unclear, it could be explained by the differences in patient backgrounds; the majority of the patients were in NYHA Class II (62%) in the Val-HeFT study but were in NYHA Class III (73%) in the CHARM-added study. In the present SUPPORT trial, the majority of the patients (93%) were in NYHA Class II. Thus, although the routine use of triple combination of ARBs, ACE inhibitors, and b-blockers should be avoided in hypertensive patients with mildly symptomatic CHF, it remains to be examined whether the triple combination therapy could be beneficial for patients with severe CHF.
Olmesartan for heart failure with preserved ejection fraction
Heart failure with preserved ejection fraction is now recognized as a new entity of HF, 24, 25 and represents more than half of HF patients in Japan 19, 26, 27 and Western countries. 28 -30 Although previous RCTs have failed to show the beneficial effects of RAS inhibitors to improve mortality and morbidity in patients with HFpEF, 7 -9 a recent report from the Swedish Heart Failure Registry suggested that RAS inhibitors might be beneficial for the disorder. 20 Furthermore, a post hoc analysis of irbesartan in patients with heart failure and preserved ejection fraction study demonstrated that the use of irbesartan was associated with improved outcomes in HFpEF patients with NT-proBNP levels of ≤339 pg/mL. 31 These lines of evidence suggested an benefit of ARBs in patients with HFpEF. In the SUPPORT trial, we enrolled a considerable number of HFpEF patients and examined the clinical impact of olmesartan in a subgroup of patients with preserved EF (≥50%). However, the results remained unchanged even in the subgroups of HFpEF patients.
Relatively low dose olmesartan in the SUPPORT trial
In the ROADMAP trial, olmesartan at a dose of 40 mg once daily was associated with a delayed onset of microalbuminuria in patients with type 2 diabetes, whereas the higher rate of fatal cardiovascular events with olmesartan among patients with pre-existing coronary artery disease was of concern. 32 In the present SUPPORT trial, the mean dose of olmesartan was 9.5 mg/day at the time of randomization and was then increased annually up to 13.3, 15.4, 16.1, 17.4, 17.9, and 16.5 mg/day at 1-6 years, respectively. Since the doses of olmesartan were relatively low compared with the previous studies examining the efficacy of olmesartan, 32, 33 there might be a critique that the dose of olmesartan was not enough to achieve its full clinical impacts in the present study. In the Japanese population, however, it was reported that a mean dose of 13.0 mg per day successfully provided adequate reductions in both systolic and diastolic blood pressures along with a significant increase in plasma renin activity as well as a decrease in angiotensin II levels. 34 Thus, it is anticipated that an adequate blockade of angiotensin type I receptor was obtained in the olmesartan group in the SUPPORT trial. Anyway, since the adverse effects of the triple combination of olmesartan, ACE inhibitors, and b-blockers
Olmesartan in hypertensive CHF: a randomized trial were noted with this relatively low doses of olmesartan, the present findings should be of clinical importance.
Study limitations
Several limitations should be mentioned for the present study. First, since the SUPPORT trial was conducted in an open-labelled fashion, the interpretation warrants caution. Second, it should be noted that the patients enrolled in the SUPPORT trial had been relatively well-controlled and mildly symptomatic before randomization compared with the previous HF studies; both the mean systolic and diastolic blood pressures (128/74 mmHg) had been already controlled below the target levels recommended by the JNC7 13 and other clinical guidelines, 1,2 and majority of the patients (93%) had been controlled in NYHA Class II. As a result, the patients were characterized by relatively low BNP value (median 80 pg/mL) and modest prescription rate of diuretics (57%). These characteristics were comparable with those in the ALDO-DHF trial that mainly enrolled HFpEF patients in NYHA Class II, 35 but were different from other HFpEF studies that enrolled more symptomatic patients 7 -9 and from previous HFrEF studies. 3 -5 Furthermore, since the sample size of the present population of patients with HFrEF was small, further studies with a large sample size are needed to examine whether or not the ARB olmesartan is effective for the treatment of those patients. Thus, cautions are warranted when interpreting the present results into other populations including more severely hypertensive or more symptomatic CHF patients. Third, the possible influence of the Great East Japan Earthquake in 2011 in our Tohoku area should be considered, which occurred after the randomization and during the follow-up period of the SUPPORT trial. However, since the results were unaltered even after exclusion of the results from the hospitals located in the area with severe damage, the influence of the disaster may be minimal.
Conclusions
The SUPPORT trial demonstrated that additive use of olmesartan did not improve clinical outcomes but worsened renal function in hypertensive CHF patients treated with evidence-based medications. Particularly, the triple combination therapy with olmesartan, ACE inhibitors, and b-blockers was associated with increased adverse cardiac events.
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